A novel acentric char sulfate compound, [Cd(S 2 O 7 )(4,4'-bipyridine)(H 2 O) 2 ] n (1), has been solvothermally synthesized and characterized by single-crystal X-ray diffraction method. Compound 1 is characterized by a three-dimensional (3-D) inorganic-organic hybrid framework structure. Solid-state photoluminescent spectra indicate that compound 1 displays a strong violet emission. The second-order nonlinear optical measurements reveal that compound 1 has modest powder SHG efficiency of about 0.02 times than that produced by a potassium dihydrogen phosphate (KDP) powder. Optical absorption spectrum discovers that the presence of an optical gap of 3.41 eV, suggesting that compound 1 is a wide bandgap semiconductor.
INTRODUCTION
Nonlinear optics (NLO) is very important and useful physical properties, because it can be widely applied in many fields such as optical communication, light modulators, switchable NLO devices, signal processing and so on.
1,2
The rational design and synthesis of acentric compounds are still a big challenge, because noncentrosymmetry is a basic request for NLO compounds and most compounds reported thus far are apt to crystallize in centrosymmetric space groups. IIB-containing compounds (IIB = Zn, Cd, Hg) are a vital class of functional materials due to their potential applications in the areas of NLO and semiconductors. 3 They have gained increasing interest and many of them are well-known such as HgCdTe (MCT), CdTe, CdSe, HgGa 2 S 4 and Cd x Hg 1-x Ga 2 S 4 . 4, 5 Therefore, IIB-containing compounds have become one of the hottest research topics in the area of functional materials. For the sake of designing and preparing novel materials with fascinating structural motifs and NLO or semiconductive properties, our group recently aim at the design and synthesis of new IIB-containing compounds by using solvothermal technique. We report herein the preparation, structure, photoluminescence, NLO and semiconductor properties of a novel acentric char sulfate compound, [Cd(S 2 O 7 ) (4,4'-bipyridine)(H 2 O) 2 ] n (1).
EXPERIMENTAL
The reagents are obtained from commercial sources and used without further purification. FT-IR spectrum is carried out with a KBr disc in the range of 400-4000 cm −1 on a PE Spectrum-One spectrometer. The photoluminescent spectra are performed at room temperature using solid-state samples on a JY FluoroMax-3 spectrometer. The second-order nonlinear optical data is measured on a pulsed Q-switched Nd:YAG laser at a wavelength of 1064 nm with an input pulse of 350 mV. Solid-state UV/vis spectra were recorded at room temperature on a computer-controlled Lambda 35 UV/vis spectrometer equipped with an integrating sphere in the wavelength range 190/1100 nm. BaSO 4 powder wad used as a reference (100% reflectance), on which the ground powder sample was coated. The absorption spectra were calculated from reflection spectra by the Kubelka-Munk function: α/S = (1-R) 2 /2R, α is the absorption coefficient, S is the scattering coefficient which is practically wavelength independent when the particle size is larger than 5 mm, and R is the reflectance. X-ray crystallographic investigation: A colorless single crystal with dimensions of 0.15 mm × 0.12 mm × 0.08 mm was selected and adhered onto the top of a glass fiber, then mounted on a single-crystal Rigaku Mercury CCD X-ray diffractometer. The crystallographic data set was collected by using a graphite-monochromated Mo-Kα radiation (0.71073 Å) at 293(2) K with the ω scan type. The CrystalClear software package was used to reduce the data and correct the empirical absorption. 6 Its crystal structure was solved by the direct method. The structure was refined on F 2 by full-matrix least-squares method by means of the Siemens SHELXTL TM V5 crystallographic software. 7 All the non-H atoms were generated on their atomic positions via the difference Fourier maps and refined anisotropically, while the hydrogen atoms were found theoretically and allowed to ride on their parent atoms. The hydrogen atoms were involved in the structural factor calculation with isotropic thermal parameters but not refined. The crystal data and structure analysis are presented in Table 1 . The important bond lengths and bond angles are shown in 
RESULTS AND DISCUSSION
Single-crystal X-ray diffraction analysis reveals that the title compound crystallizes in the P6 5 22 space group of the hexagonal system with six molecules in one unit cell. The asymmetric unit contains half Cd 2+ cation, half (S 2 O 7 ) 2-anion, half 4,4'-bipyridine ligand and one coordination water molecule, as presented in Figure 1 . Atoms Cd1, O3, N1, N2, C3 and C4 reside at special positions (6 5 screw axis), while other crystallographic independent atoms locate in general positions. The 4,4'-bipyridine molecule binds to two Cd 2+ centres through its two nitrogen atoms, acting as a μ 2 -bridging ligand. The Cd 2+ cation is surrounded by two nitrogen atoms from two 4,4'-bipyridine molecules, two oxygen atoms from two coordination water molecules and two oxygen atoms from two (S 2 O 7 ) 2-anions, giving a slightly distorted octahedral geometry. The bond lengths of Cd-N and Cd-O are in the expected range of 2.324(10)-2.327(10) Å and 2.279(8)-2.361(7) Å, respectively. The bond length of S-O is in the range of 1.398(11)-1.560(8) Å, while that of S-S is 2.319(8) Å. These values are normal and comparable with those found in the literature. As given in Table 2 , the bond angles around the Cd 2+ cation are varied from 88.1(3)° to 180°. The Flack x parameter for the structure of compound 1 is 0.0409, suggesting that the absolute structure is correct. 14 The oxidation state of the cadmium ion is +2, as revealed by the bond valence calculations (Cd1: 2.05). 15 The cadmium ions interconnect to four neighboring ones to yield a 3-D inorganic-organic hybrid framework structure (Figure 2) . To the best of our knowledge, this is the second IIB char sulfate compound reported thus far. Table 2 . Important bond lengths (Å) and bond angles (º) of 1.
Cd (1) To our knowledge, cadmium ion and 4,4'-bipyridine can generally display good photoluminescence property, therefore, we carried out the photoluminescence measurement of the title compound with solid-state sample under room temperature. The result of the photoluminescence measurement is shown in Figure 3 . We can observe from the photoluminescence spectra that compound 1 exhibits the effective energy absorption residing in the wavelength region of 300-340 nm. The excitation band under the emission of 385 nm displays a peak at 332 nm. We also conducted the corresponding emission spectra of 1 with the use of an excitation wavelength of 332 nm. We observe that the emission spectra show a wide and strong emission band in the wavelength range of 360-650 nm with the maximum peak at 385 nm, locating in the visible violet region. As a result, the title compound is a potential violet photoluminescence material.
The band gap energy value was determined by extrapolation from the linear portion of the absorption edge in a (α/S) versus energy plot. As presented in Fig. 4 , the solid-state UV/vis spectra discovered that compound 1 shows an optical bandgap of 3.41 eV, which indicates that compound 1 is a wide bandgap semiconductor. This bandgap value is consistent with the achromatism of the crystal, as the case found in the literature. 17 The gradual slope of the optical absorption edge for compound 1 is indicative of the presence of the indirect transition. 18 The optical absorption of compound 1 is probably originated from the charge-transfer excitation of the valence band of the char sulfate group to the conduction band of the cadmium ion, similar to the case found in the references. 19 It should be pointed out that the bandgap of 3.41 eV of compound 1 is larger than that of CuInS 2 (1.55 eV), CuInSe 2 (1.04 eV), CdTe (1.5 eV) and GaAs (1.4 eV), all of which are highly efficient photovoltaic compounds. The title compound is transparent and crystallized in an acentric space group P6 5 22, so we deem that it may show nonlinear optical property and have potential applications as a NLO-active materials. 22 In order to confirm its acentricity and evaluate the potential applications as a second-order NLO material, the second-order nonlinear optical data was carried out with powder sample on a pulsed Q-switched Nd:YAG laser at a wavelength of 1064 nm with an input pulse of 350 mV. The experiment result reveals that compound 1 exhibits the modest powder SHG efficiency of about 0.02 times than that produced by a potassium dihydrogen phosphate (KDP) powder.
CONCLUSIONS
In sumary, a novel acentric char sulfate compound has been solvothermally prepared and characterized by single-crystal X-ray diffraction method. It is characterized by a 3-D inorganic-organic hybrid framework. Solid-state photoluminescent spectra indicate that it displays a strong violet emission. The second-order nonlinear optical measurements reveal that it shows modest powder SHG efficiency of about 0.02 times than that produced by a KDP powder. Optical absorption spectrum discovers that it is a wide bandgap semiconductor. Therefore, it may be a good candidate for potential photoactive and photovoltaic materials. The scope for the preparation of novel metal char sulfates with new structural motifs and properties appears to be large. Future efforts on the relationship between the structures and the photoelectric or NLO properties in similar systems are in progress in our laboratory.
